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SUMMARY

Numbers of Campylobacter detected on broiler carcasses decrease due to scalding but rebound
during defeathering. Earlier research indicated that escape of gut contents during defeathering is
an important contributor to the increase in Campylobacter numbers, whereas aerosols created by
feather picking machines are not. The objective of this study was to determine if contact with
surfaces in naturally contaminated commercial feather picking machines contributes to the
increased counts of Campylobacter on broiler carcasses. Fully processed chilled carcasses with low
numbers of Campylobacter were used as a platform to measure numbers after picking. Chilled
carcasses were hung on shackles and allowed to proceed through 3 empty feather picking machines
in a commercial processing plant that had been previously soiled by about 20,000 broilers. In 4
of 5 replications, although Campylobacter numbers increased on plant run control birds during
defeathering, no increase in Campylobacter numbers was noted on chilled carcasses due to passage
through the pickers. In one replication, however, a significant increase was observed. It is possible
for contact with soiled surfaces within feather picking machines to increase Campylobacter numbers
detected on broiler carcasses. However, overall these data suggest that naturally contaminated
surfaces of feather picking machines are not a primary cause of the reported increase in
Campylobacter numbers during defeathering.

Key words: broiler, Campylobacter, defeathering, feather picking, surface contamination
2004 J. Appl. Poult. Res. 13:588–592

DESCRIPTION OF PROBLEM

Campylobacter, a human pathogen associ-
ated with poultry and poultry meat, is one of
the primary pathogens of concern in poultry
processing. The main source of Campylobacter
to the processing plant is live birds [1]. Rela-
tively high numbers of Campylobacter have

1Mention of trade names or commercial products in this publication is solely for the purpose of providing specific information
and does not imply recommendation or endorsement by the US Department of Agriculture.

2To whom correspondence should be addressed: mberrang@saa.ars.usda.gov.

been recovered from feathers and skin of
broiler carcasses as well as from within their
digestive tracts [2]. Whole carcass rinse sam-
ples of prescald feathered carcasses have re-
sulted in counts of Campylobacter close to 5.0
log10 cfu/mL [3]. Numbers of Campylobacter
detected by whole carcass rinse are reduced
by about 3.0 log10 cfu/mL due to commercial
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scalding. However, subsequent passage
through automated defeathering machines used
in commercial poultry operations increases the
number of Campylobacter recovered from car-
casses significantly. Campylobacter counts can
increase by up to 2.0 log10 cfu/mL or about
100-fold during defeathering [3]. Similar re-
sults have been reported when carcasses were
sampled by skin surface swabs or sponge meth-
ods [4, 5]. This increase in Campylobacter
numbers is problematic because carcasses
carry more Campylobacter into the rest of pro-
cessing and make it more difficult to get the
lowest possible levels on postchill carcasses.
Therefore, research has been focused on under-
standing the phenomenon and developing po-
tential interventions.

Because scalding lowers Campylobacter
counts, an intuitive approach to lowering the
numbers on carcasses leaving the picker is to
pass them through another scald step. This ap-
proach was examined in our laboratory but was
not found to be particularly effective under the
conditions tested [6]. Unsuccessful attempts at
intervention serve to underscore the impor-
tance of studying Campylobacter ecology at
this important stage of broiler processing so
the problem can be approached in the most
effective way.

Campylobacter is present in high numbers
in the feces and gut contents of broilers from
a positive flock. Gut contents can be forced out
of the cloaca due to the action of picker fingers
pressing on the abdomen. This has been shown
to be an important contributor to the increase
in Campylobacter numbers associated with de-
feathering [5].

Air in the feather picking area has been
shown to be contaminated with high numbers
of bacteria relative to other areas in the pro-
cessing plant. Specifically, airborne Campylo-
bacter has been detected in dusty areas of pro-
cessing [7, 8]. However, when tested experi-
mentally, exposure to the moist air near
operating commercial feather picking ma-
chines did not lead to a significant increase
in numbers of Campylobacter associated with
broiler carcasses [9].

Surfaces within commercial feather picking
machines become soiled as carcasses move
through. If these carcasses are from a Campylo-

bacter-positive flock the soil can be expected
to contain Campylobacter. It is possible that
by simple contact, surfaces within the machine
may transfer such contamination to subsequent
carcasses. The objectives of the current study
were to examine the possibility that surfaces
within soiled commercial feather picking ma-
chines can contribute to cross-contamination
and increase the numbers of Campylobacter
associated with broiler carcasses during de-
feathering.

MATERIALS AND METHODS

Experimental Design and Overview

Fully processed chilled broiler carcasses
with low numbers of Campylobacter were used
as platforms to examine the transfer of bacteria
from surfaces within picking machines to car-
casses. In each replication, 10 chilled carcasses
were exposed to picker surfaces, and 10 re-
mained unexposed as controls. To confirm the
expected increase in Campylobacter numbers
on carcasses as they were defeathered, 10 nor-
mal plant run carcasses were collected from
the shackle line between the scalder and pickers
and another 10 after defeathering. Campylo-
bacter was enumerated on all carcasses. Five
replications were conducted; therefore, the
overall sample number was 50 for each
treatment.

Samples

This study was conducted in a commercial
broiler processing plant with cooperation from
a poultry industry partner. On each of 5 repli-
cate sample trips, 20 carcasses were collected
from the chill tank exit, placed individually
into clean plastic bags that were placed into
closed containers and then carried to the scald/
pick area of the same plant. Ten carcasses were
removed from the shackle line between the last
scald tank and the first picker, and an additional
10 were removed from the shackle line immedi-
ately after defeathering before entering a rinse
cabinet. All carcasses removed from the
shackle line were individually bagged in clean
plastic bags and placed into closed containers.

Plant employees hanging live chickens on
the shackle line went on break after approxi-
mately 20,000 carcasses had passed through
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TABLE 1. Mean log10 colony-forming units of Campylobacter (±95% confidence interval) detected on broiler
carcasses collected from a commercial processing plant

Replication PrepickA PostpickB PostchillC Postchill repickedD

1 2.3b ± 0.5 (7)E 3.7a ± 0.4 (10) 2.3b ± 0.4 (10) 2.2b ± 0.5 (9)
2 2.3b ± 0.5 (9) 3.4a ± 0.4 (10) 1.8b ± 0.4 (10) 1.4b ± 0.5 (9)
3 1.5b ± 0.6 (6) 3.8a ± 0.4 (10) 2.1b ± 0.4 (10) 2.4b ± 0.4 (10)
4 2.1b ± 0.4 (10) 4.6a ± 0.4 (10) 1.4b ± 0.6 (5) 3.6a ± 0.4 (10)
5 1.9b ± 0.4 (10) 4.5a ± 0.5 (10) 1.7b ± 0.5 (9) 2.5b ± 0.4 (10)
Mean 2.1 ± 0.3 4.0 ± 0.2 1.9 ± 0.2 2.4 ± 0.2

a,bMeans within rows (replication) with different superscripts are significantly different (P < 0.05) by Tukey’s honest significant
difference.
ACollected from the shackle line prior to defeathering.
BCollected from the shackle line after defeathering.
CCollected from the chill tank exit.
DCarcasses from chill tank exit that were then passed through a soiled picking machine.
ENumber positive out of 10 carcasses within each replication.

the pickers. This left an empty shackle line,
which continued to run through 3 operating
feather-picking machines. Within 15 min of
collection from the chill tank, 10 chilled car-
casses were removed from plastic bags one at
a time and were hung firmly by the legs in
moving shackles immediately before the first
feather-picking machine. After passing through
all 3 feather-picking machines, each chilled
repicked carcass was removed from the shackle
line before entering a spray rinse cabinet and
placed into a new clean plastic bag. All car-
casses (repicked, control, plant run prepick,
plant run defeathered) were sealed in their re-
spective plastic bags with plastic wire ties, cov-
ered with ice, and transported to the laboratory
for analysis.

Campylobacter Culture

Within 1 h all feathered and defeathered
carcasses were removed from ice and subjected
to a low volume whole carcass rinse procedure
[10]. Carcasses were rinsed by adding PBS
(500 mL for feathered carcasses, 100 mL for
defeathered carcasses) to each bag and shaking
with an automated carcass-shaking machine for
60 s [11]. Rinses were aseptically collected
from all carcasses, and serial dilutions were
prepared in PBS. Campylobacter culture was
conducted by direct plating onto the surface of
Campy-cefex agar [12], which was then incu-
bated for 48 h in a microaerophilic atmosphere
consisting of 5% O2, 10% CO2, and the balance
as N2 [13]. Colonies with the characteristic ap-
pearance of Campylobacter were counted.

Each colony type from every sample was con-
firmed as Campylobacter by observation of cel-
lular morphology and motility on a wet mount
using phase-contrast microscopy. Each colony
type was further confirmed by a positive reac-
tion from a serological latex agglutination test
kit [14].

Data Analysis

All Campylobacter counts were trans-
formed to log10 colony-forming units per milli-
liter for analysis. An ANOVA was conducted,
and Tukey’s honest significant difference test
was used to separate means within replications.

RESULTS AND DISCUSSION

Numbers of Campylobacter detected in
whole carcass rinses are shown in Table 1. In
every replication, Campylobacter numbers on
plant run carcasses were significantly higher
after defeathering than before. This increase
was expected because it has been reported be-
fore and is repeatable regardless of sampling
method (whole carcass rinse or skin surface
swab) [3, 4, 5]. These data serve to confirm
that defeathering caused an increase in Campy-
lobacter counts under the conditions of flock,
plant, and processing day used in this ex-
periment.

Also as expected, in each replication
Campylobacter numbers recovered from
chilled carcasses were much lower than those
from carcasses immediately following de-
feathering. These data agree with earlier re-
ports that modern broiler processing proce-
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dures lower the numbers of human pathogens
present on postchill carcasses [3, 4, 15, 16]. It
is interesting to note, however, that Campylo-
bacter numbers on postchill carcasses were not
different than those detected on carcasses col-
lected between scalding and picking. If the in-
crease in Campylobacter numbers associated
with defeathering could be decreased or elimi-
nated, perhaps fully processed carcasses could
be produced with even lower numbers of
Campylobacter. To best approach the problem
with a suitable intervention strategy, it is im-
portant to understand why increases in Campy-
lobacter numbers occur during picking.

Fully processed chilled broiler carcasses
are not necessarily equivalent to feathered car-
casses, and they may not pick up Campylo-
bacter from surfaces in the same way. How-
ever, carcasses in the current study were ob-
served to make good contact with all picker
fingers and other surfaces, which suggested
they are reasonable sampling devices for use
in operating feather-picking machines. In 4 out
of 5 replications there was no increase in
Campylobacter numbers on chilled carcasses
due to passage through 3 soiled feather-picking
machines. In only one replication (the fourth)
was there a significant increase in the numbers
of Campylobacter per ml carcass rinse. Repli-
cation 4 also had the highest plant run postpick
numbers of Campylobacter detected through-
out the study and the lowest postchill numbers.
It is likely that the picker was more soiled in
this replication than in the others and that the
lower numbers on chilled carcasses made it
possible to detect the increase during picking.

Because the fourth replication was different
from the others and a replication effect was
noted in the statistical analysis, the data are
presented by replication rather than as a simple
mean at each sample site. Although passing
fully processed broilers through soiled feather-
picking machines does not usually cause a sig-

CONCLUSIONS AND APPLICATIONS

1. It is possible for soiled surfaces within feather-picking machines to transfer Campylobacter
and cause an increase in numbers associated with carcasses.

2. Surface contamination is not responsible for most of the increase in broiler carcass Campylo-
bacter numbers observed during defeathering.

nificant increase in the numbers of Campylo-
bacter detected, it is possible. Therefore, soiled
feather-picking machines might have been able
to transfer Campylobacter to carcasses that had
low numbers to start with. However, it is not
likely such an increase would be important rel-
ative to the numbers of Campylobacter rou-
tinely detected on the surface of carcasses be-
fore defeathering [2].

This was the third in a series of studies
designed to help understand the increase in
Campylobacter numbers during feather pick-
ing. These studies have concentrated on leak-
age of gut contents, contaminated air, and
soiled surfaces as possible contributors to the
observed increase. When taken in context with
earlier studies conducted in our laboratory,
soiled surface contamination did not appear to
be the most important contributor to the in-
crease in Campylobacter on carcasses during
defeathering. Only leakage of gut contents has
been consistent in its ability to cause Campylo-
bacter increases of the order of magnitude ob-
served in commercial settings [5]. Although
soiled surfaces may be an infrequent transfer
point, their importance pales compared with
the consistent 2.0 log10 colony-forming units
per milliliter of carcass rinse increase that has
been demonstrated due to leakage of highly
contaminated feces from the cloaca during de-
feathering [5]. To effectively counter the in-
crease in Campylobacter numbers during
feather removal, gut content leakage must be
addressed. If escape of viable Campylobacter
from the cloaca can be eliminated, transfer by
surface contamination, which could originate
from skin and feathers, may become more im-
portant. At any rate, controlling Campylo-
bacter numbers on carcasses during defeathe-
ring has the potential to allow production of a
safer product for consumers with lower num-
bers of this important human pathogen.
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3. Escape of gut contents during defeathering must be addressed to lessen the increase in
Campylobacter numbers associated with traditional feather removal.

REFERENCES AND NOTES

1. Newell, D. G., J. E. Shreeve, M. Toszeghy, G. Domingue,
S. Bull, T. Humphrey, and G. Mead. 2001. Changes in the carriage
of Campylobacter strains by poultry carcasses during processing
in abattoirs. Appl. Environ. Microbiol. 67:2636–2640.

2. Berrang, M. E., R. J. Buhr, and J. A. Cason. 2000. Campylo-
bacter recovery from external and internal organs of commercial
broiler carcasses prior to scalding. Poult. Sci. 79:286–290.

3. Berrang, M. E., and J. A. Dickens. 2000. Presence and
level of Campylobacter on broiler carcasses throughout the pro-
cessing plant. J. Appl. Poult. Res. 9:43–47.

4. Izat, A. L., F. A. Gardner, J. H. Denton, and F. A. Golan.
1988. Incidence and level of Campylobacter jejuni in broiler pro-
cessing. Poult. Sci. 67:1568–1572.

5. Berrang, M. E., R. J. Buhr, J. A. Cason, and J. A. Dickens.
2001. Broiler carcass contamination with Campylobacter from fe-
ces during defeathering. J. Food Prot. 64:2063–2066.

6. Berrang, M. E., J. A. Dickens, and M. T. Musgrove. 2000.
Effects of hot water application after defeathering on the levels of
Campylobacter, coliform bacteria and Escherichia coli on broiler
carcasses. Poult. Sci. 79:1689–1693.

7. Abu-Ruwaida, A. S., W. N. Sawaya, B. H. Dashti, M.
Murad, and H. A. Al-Othman. 1994. Microbiological quality of
broilers during processing in a modern commercial slaughterhouse
in Kuwait. J. Food Prot. 57:887–892.

8. Whyte, P., J. D. Collins, K. McGill, C. Monahan, and H.
O’Mahony. 2001. Distribution and prevalence of airborne microor-
ganisms in three commercial poultry processing plants. J. Food
Prot. 64:388–391.

9. Berrang, M. E., J. K. Northcutt, and J. A. Dickens. 2004.
The contribution of airborne contamination to Campylobacter
counts on defeathered broiler carcasses. J. Appl. Poult. Res. 13:1–4.

10. Cox, N. A., J. E. Thomson, and J. S. Bailey. 1981. Sampling
of broiler carcasses for Salmonella with low volume water rinse.
Poult. Sci. 60:768–770.

11. Dickens, J. A., N. A. Cox, J. S. Bailey, and J. E. Thomson.
1985. Automated microbiological sampling of broiler carcasses.
Poult. Sci. 64:1116–1120.

12. Stern, N. J., B. Wojton, and K. Kwiatek. 1992. A differen-
tial selective medium and dry ice generated atmosphere for recov-
ery of Campylobacter jejuni. J. Food Prot. 55:514–517.

13. BOC Gases, Chattanooga, TN.

14. Panbio, Inc., Columbia, MD.

15. Oosterom, J., G. J. A. DeWilde, E. De Boer, L. H. De
Blaauw, and H. Karman. 1983. Survival of Campylobacter jejuni
during poultry processing and pig slaughtering. J. Food Prot.
46:702–706.

16. Waldroup, A., B. M. Rathgeber, R. H. Forsythe, and L.
Smoot. 1992. Effects of six modifications on the incidence and
levels of spoilage and pathogenic organisms on commercially pro-
cessed postchill broilers. J. Appl. Poult. Res 1:226–234.

Acknowledgments
The authors gratefully acknowledge expert technical assistance

by Mark N. Freeman and V. Allan Savage.


